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XVHGLQFRPELQDWLRQZLWKDKHDWSXPSHJ>±@&RPSXWDWLRQDOPRGHOVIRUWKHSHUIRUPDQFHRIERWKKHDWSXPSV
DQG39V\VWHPVDUHXVHIXODVDEDVLVIRUWKHGHFLVLRQRQWKHGLPHQVLRQVRIERWKV\VWHPV




6XFK OLQHDU UHODWLRQV EHWZHHQ HQHUJ\ XVDJH DQG LQGRRU DQG RXWGRRU WHPSHUDWXUHVPDNH LW HDV\ WR DJJUHJDWH DQG
DYHUDJHWKHXVDJHRYHUWLPH)RUH[DPSOHWKHDYHUDJHHQHUJ\XVDJHRYHUVRPHWLPHSHULRGFDQEHGHWHUPLQHGRQ
WKHEDVLVRIDYHUDJHLQGRRUDQGRXWGRRUWHPSHUDWXUHVRYHUWKLVSHULRG
)RU DQ DLUWRZDWHU KHDW SXPS DV FRQVLGHUHG KHUH WKH HQHUJ\ XVDJH DOVR GHSHQGV RQ WKH HQHUJ\ GHPDQG DQG
WKURXJK WKDW RQ WKH LQGRRU DQG RXWGRRU WHPSHUDWXUHV VLPLODU WR WKH WUDGLWLRQDO FDVHV RI KHDWLQJ +RZHYHU DQ
LPSRUWDQW GLIIHUHQFH LV WKDW DOVR LWV HIILFLHQF\ RI KHDWLQJ H[SUHVVHG DV LWV 6HDVRQDO 3HUIRUPDQFH )DFWRU 63)
GHSHQGVRQDQXPEHURIG\QDPLFVLWXDWLRQDOIDFWRUVVXFKDVWKHRXWGRRUWHPSHUDWXUHKXPLGLW\DQGWKHIUHTXHQF\DW
ZKLFK WKH FRPSUHVVRU LVZRUNLQJ$PRQJ WKHVH WKH RXWGRRU WHPSHUDWXUH KDV WKHPRVW LPSRUWDQW HIIHFW RQ 63)





























7KHSHUIRUPDQFHRI DKHDW SXPS LV GHVFULEHGE\ WKH VHDVRQDOSHUIRUPDQFH IDFWRU 63)ZKLFK LQGLFDWHVKRZ
PXFKHOHFWULFDOHQHUJ\LQN:KLVQHHGHGWRUXQWKHKHDWSXPSDVLQSXWWRJHWDFHUWDLQDPRXQWRIKHDWLQJHQHUJ\
DVRXWSXWIRUWKHKHDWSXPSRYHUDFHUWDLQWLPHSHULRGRUDVHDVRQHJ>@ 








WKH RXWGRRU WHPSHUDWXUH DQG LQ SDUWLFXODU RQ WKH GLIIHUHQFH EHWZHHQ WKH RXWGRRU WHPSHUDWXUH DQG WKH ZDWHU
WHPSHUDWXUHRIWKHKHDWLQJV\VWHP0DQXIDFWXUHUVRIWHQRQO\JLYHLQGLFDWLRQVRIWKHVHSHUIRUPDQFHIDFWRUVIRUMXVWD
IHZZDWHUDQGRXWGRRU WHPSHUDWXUHV)RUH[DPSOH WKHYDOXHRI63)IRURXWGRRUZDWHU WHPSHUDWXUHVRU
6XFK YDOXHV IRU 63) DUH XVXDOO\ EDVHG RQ WKHRUHWLFDO DQDO\VHV RU ODE H[SHULPHQWV +RZHYHU VXFK WKHRUHWLFDO
DQDO\VHVDUHRIWHQQRWJXDUDQWHHGWRSURYLGHYDOXHVWKDWRFFXULQUHDOLVWLFVLWXDWLRQV
2.2. Effects of humidity on performance 
7KHSHUIRUPDQFHRIKHDW SXPSV LV DIIHFWHGQRWRQO\ E\ WKH RXWGRRU DLU WHPSHUDWXUH EXW E\KXPLGLW\ DVZHOO
+RZHYHULWKDVGLIIHUHQWHIIHFWVLQGLIIHUHQWFRQGLWLRQV
%\FRROLQJ WKHDLU WKHKHDWSXPSZLOOH[WUDFWKHDW&RROLQJUHTXLUHV WKHFRLO WHPSHUDWXUH WREH ORZHU WKDQ WKH
DPELHQWDLUWHPSHUDWXUH:KHQWKHDLUWHPSHUDWXUHLVORZHUWKDQ&WKHFRLOFDQVWDUWIUHH]LQJDQGDVDUHVXOWLFH
ZLOODFFXPXODWH7KHGU\HUWKHDLUOHVVLFHDFFXPXODWHVDWKXPLGLW\IRJDQG&DLUWHPSHUDWXUHWKHLFH
DFFXPXODWLRQZLOOEHKLJK$W & WKHDLU LVPXFKGU\HU VR WKHQDOPRVWQR LFHZLOO DFFXPXODWH:KHQ WKHDLU
PRLVWXUH FRQWHQW LV KLJK DQG WHPSHUDWXUH LV ORZHU WKDQ  & IURVW IRUPDWLRQ RQ WKH VXUIDFH RI WKH DLUVLGH KHDW
H[FKDQJHUPD\RFFXU+RZHYHUZKHQWKHWHPSHUDWXUHLVORZHUWKDQXVXDOO\WKHKXPLGLW\RIDPELHQWDLULVORZ
DQG WKLV SKHQRPHQRQ GRHV QRW WDNH SODFH 'XH WR IURVW IRUPDWLRQ WKH KHDW SXPS SHUIRUPDQFH FDQ EH UHGXFHG
VLJQLILFDQWO\ >@ 7KHUHIRUH WKH IURVW QHHGV WR EH UHPRYHG SHULRGLFDOO\ WR LPSURYH WKH HIILFLHQF\ RI RSHUDWLRQ
'HIURVWF\FOHVDUHW\SLFDOIRUDLUVRXUFHGKHDWSXPSVWKH\DUHIXOO\DXWRPDWHGDQGZLOOUHPRYHWKHLFHE\LQYHUWLQJ













/RFDWLRQ &RXQWU\ )URP 7R RI6DPSOHV 0LQLPXP7RXW 0D[LPXP7RXW 




'LNNHEXV %HOJLXP 6HS 1RY     
.RROVNDPS %HOJLXP 6HS 1RY     
/DDU %HOJLXP 1RY 1RY     
/HPEEHHN %HOJLXP 2FW 1RY     
0RUPRQW %HOJLXP 6HS 1RY     
6FKLHUPRQQLNRRJ 1HWKHUODQGV 6HS 1RY    7KLVKRXVHLVORFDWHGRQDQLVODQGZLWKZHDWKHURIKLJKKXPLGLW\
:LMQHJHP %HOJLXP 2FW 1RY   
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'LIIHUHQW0RGHOVIRU3HUIRUPDQFH
7RPRGHOWKHHOHFWULFLW\XVDJHRIDKHDWSXPSLQDOOGLIIHUHQWFLUFXPVWDQFHVLQD\HDUZLWKDOO LWVYDULDWLRQVLQ
RXWGRRU WHPSHUDWXUH LW LV QHHGHG WR KDYH D PRUH V\VWHPDWLF HVWLPDWLRQ RI 63) LQ D UHDOLVWLF FRQWH[W $Q H[WUD
FRPSOLFDWLRQ LV WKDW LQ PRVW FDVHV WKH ZDWHU WHPSHUDWXUH XVHG IRU VSDFH KHDWLQJ LV DOVR YDULDEOH GHSHQGLQJ RQ
FLUFXPVWDQFHVE\XVLQJDG\QDPLFVHWSRLQWIRUWKHZDWHUWHPSHUDWXUHZKLFKLVKLJKHUZKHQWKHRXWGRRUWHPSHUDWXUH





















ododod DTCTBTASPF     

odododod ETDTCTBTASPF     

















    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4.3. Exponential Model 
,Q>@LWLVVXJJHVWHGWKDWDQH[SRQHQWLDOIXQFWLRQFDQEHXVHGWRPRGHOWKHSHUIRUPDQFHRIKHDWSXPS6RWKH
QH[WLQYHVWLJDWHGPRGHOLVDQH[SRQHQWLDORQH
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7DEOH%HVWVHWRISDUDPHWHUYDOXHVOHDGLQJWRPLQLPDOVXPRIVTXDUHVRIHUURUVIRUHDFKPRGHO





4XDGUDWLF   4XDGUDWLF 
UG'HJUHH   UG'HJUHH 
WK'HJUHH   WK'HJUHH 
5DWLRQDO   5DWLRQDO 






4XDGUDWLF  4XDGUDWLF 
UG'HJUHH  UG'HJUHH 
WK'HJUHH  WK'HJUHH 
5DWLRQDO  5DWLRQDO 





4XDGUDWLF  4XDGUDWLF 
UG'HJUHH  UG'HJUHH 
WK'HJUHH  WK'HJUHH 
5DWLRQDO  5DWLRQDO 





4XDGUDWLF  4XDGUDWLF 
UG'HJUHH  UG'HJUHH 
WK'HJUHH  WK'HJUHH 
5DWLRQDO  5DWLRQDO 







 0RGHO $ % & ' ( (UURU
'LNNHEXV
/LQHDU      
4XDGUDWLF      
UG'HJUHH      
WK'HJUHH    ( ( 
5DWLRQDO      
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'LVFXVVLRQDQG)XWXUH:RUN



















,Q WKLV SDSHU GLIIHUHQW FRPSXWDWLRQDO PRGHOV IRU WKH SHUIRUPDQFH RI D KHDW SXPS GHSHQGLQJ RQ RXWGRRU
WHPSHUDWXUH KDYH EHHQ DVVHVVHG EDVHG RQ D ODUJH GDWDVHW 7KH RXWFRPH LV WKDW RYHUDOO WKH TXDGUDWLF DQG KLJKHU
WKLUG DQG IRXUWK GHJUHH RUGHU SRO\QRPLDOPRGHOV SURYLGH WKHPRVW DFFXUDWH UHVXOWV VHH)LJ  WKH\ DUHPXFK
PRUH DFFXUDWH WKDQ WKH RIWHQXVHG OLQHDUPRGHO +RZHYHU IRU VSHFLILF FDVHV RWKHU W\SHV RI PRGHOV FDQ DOVR EH
DOPRVWDVDFFXUDWHVHH7DEOHIRUH[DPSOHWKHH[SRQHQWLDOPRGHORUWKHEURNHQUDWLRQDOPRGHO
5HIHUHQFHV















>@7UHXU - $ &RPSXWDWLRQDO $QDO\VLV RI 6PDUW 7LPLQJ 'HFLVLRQV IRU +HDWLQJ %DVHG RQ DQ $LUWR:DWHU +HDW SXPS 3URFHHGLQJV RI WKH
(XURSHDQ&RQIHUHQFHRQ6PDUW(QHUJ\5HVHDUFKDWWKH&URVVURDGVRI(QJLQHHULQJ(FRQRPLFVDQG&RPSXWHU6FLHQFH
>@/LYLQJVWRQH30$Q,QYHVWLJDWLRQLQWRWKH6XLWDELOLW\RI$LUDQG*URXQG6RXUFH+HDW3XPSVWRWKH8.HQYLURQPHQWZLWKD6ZLPPLQJ3RRO
&RPSOH[+HDW3XPS,QVWDOODWLRQ
>@%DVWHU0(0RGHOOLQJWKHSHUIRUPDQFHRIDLUVRXUFHKHDWSXPSV\VWHPV068QLY6WUDWKFO\GH
>@&ROHPDQ7)/L<$QLQWHULRUWUXVWUHJLRQDSSURDFKIRUQRQOLQHDUPLQLPL]DWLRQVXEMHFWWRERXQGV6,$0-2SWLP±
